a2 United States Patent

Jow et al.

US009401463B2

US 9,401,463 B2
Jul. 26, 2016

(10) Patent No.:
(45) Date of Patent:

(54) OPTOELECTRONIC PACKAGE AND
METHOD OF MANUFACTURING THE SAME

(71)  Applicant: APTOS TECHNOLOGY INC.,
Hsin-Chu County (TW)

(72) Inventors: En-Min Jow, Hsin-Chu county (TW);
Chi-Jang Lo, Hsin-Chu county (TW);
Nan-Chun Lin Lin, Hsin-Chu county
(TW); Shang Yu Chang Chien,
Hsin-Chu county (TW)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

(21) Appl. No.: 14/731,395

(22) Filed: Jun. 4,2015
(65) Prior Publication Data
US 2015/0270457 Al Sep. 24, 2015

Related U.S. Application Data

(63) Continuation of application No. 14/141,868, filed on
Dec. 27, 2013, now Pat. No. 9,082,943.

(51) Int.CL
HOIL 29/18 (2006.01)
HOIL 33/54 (2010.01)
HOIL 33/56 (2010.01)
HOIL 27/146 (2006.01)
HOIL 23/00 (2006.01)
HOIL 27/15 (2006.01)
HOIL 33/48 (2010.01)
(52) US.CL
CPC oo HOIL 33/54 (2013.01); HOIL 24/97

(2013.01); HOI1L 27/14618 (2013.01); HOIL

200

27/14683 (2013.01); HOIL 27/156 (2013.01);
HOIL 33/483 (2013.01); HO1L 33/56
(2013.01); HOIL 2224/48091 (2013.01); HOIL
2224/48227 (2013.01); HOIL 2924/12041
(2013.01); HOIL 2924/12042 (2013.01); HOIL
29247181 (2013.01); HOIL 2924/18165
(2013.01); HOIL 2933/005 (2013.01)
(58) Field of Classification Search

CPC ... HO1L 33/56; HO1L 24/97; HO1L 27/14618;
HO1L 27/14683; HO1L 2924/12041; HOIL
2924/18165; HO1L 2224/48227; HOIL
2224/48091

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,121,675 A * 9/2000 Fukamura .......... HOIL 31/0203
257/680

2005/0059188 Al* 3/2005 Bolken ............. HOIL 21/50
438/106

* cited by examiner

Primary Examiner — Roy Potter
Assistant Examiner — Paul Patton

(57) ABSTRACT

An optoelectronic package includes an optoelectronic chip, a
transparent protection layer and a plurality of pads. The opto-
electronic chip has an upper surface and an active area defined
on the upper surface. The transparent protection layer is con-
nected to the optoelectronic chip and covers the upper sur-
face. The transparent protection layer touches and is entirely
attached to the active area. The pads are electrically con-
nected to the optoelectronic chip.

17 Claims, 16 Drawing Sheets

152 —
TN

~— 150

260~ —1~ f‘\ L

/
240~ \
/
1



U.S. Patent Jul. 26, 2016 Sheet 1 of 16 US 9,401,463 B2

= 130 114 112 130

120 11>O S

140

FIG.1A

1)6 17\0
‘ N
< —~— 150
/
152

FIG.1B



US 9,401,463 B2

U.S. Patent Jul. 26, 2016 Sheet 2 of 16
114 150 112
130 130
\ \ 2 [ 7
0~ > 2 & (
160\/-\f ,A\MA//&ﬁ +—1-170
n / T
140 —~ \ \ )
/ / \
120 110 120
FIG.1C
10 180
160 4 112
S R W S
\ N
JAN /
162 120 1 120 120
FIG.1D
X 130 114 112 130
110
220 S 220
) 240

~l—




U.S. Patent Jul. 26, 2016 Sheet 3 of 16 US 9,401,463 B2

20

I

I 1 I 1 —

\
, (
| 240
20 220
152 110 154

16 130 114 ‘ 112 130 {
)
\

~— 150

FIG.2B

200

] ¢
it

260 ~—7~

7 /

240~ \
/

1



U.S. Patent Jul. 26, 2016 Sheet 4 of 16 US 9,401,463 B2

—

/
240
220 1150 220
380 o 130 gy ‘ 112 130 380 D*
L) |/
\ 4
~— 150
FIG.3A
300
130 130
\ /
2 g ~— 150
260 —~ /&ﬁ
; / : \
m~ N |
/ / — \ \
20 110 220 380

FIG.3B



U.S. Patent Jul. 26, 2016 Sheet 5 of 16 US 9,401,463 B2

452 —,

~ 450

]}

L |, N~ —0l
240~ \ \ )
;] — ] o\
220 110 220
FIG.4B
400

T Fe

s— 7 -\ | ] X 460

O / NI 490
240~ \ _ \ | - ) \Gl
22/0 11/0 2\20



U.S. Patent Jul. 26, 2016 Sheet 6 of 16 US 9,401,463 B2

L

52— f?\ v //& e

/ r

240 ~ \ )
/ | I | / ! 1 1 1 \

220 110 220
FIG.5A
500
o 114 60 130
\ \ /

EEEEE
NN \ AR /N\\\\””O

G2

240

0 220



U.S. Patent Jul. 26, 2016 Sheet 7 of 16 US 9,401,463 B2

690h 114 672
\ S o \\ (680t
690«&\ /\emlw /\ k\»@o
240~ ( | | ) >\\694
] — ' ' — A
/ 220 220 680b
20
FIG.6A
69

690

690

690h

FIG.6B



U.S. Patent Jul. 26, 2016 Sheet 8 of 16 US 9,401,463 B2

692
130 112 130 E 630t
| \ v

ZO\&\\ }/\ ”"‘L""‘)/\ &/‘690

PR U W R
1’

- \
0 220 680b

600

114 112
130 130
\ [ 7

\
450 —~ L
-

660/& )\ ,\X\MA//& &/‘690

240~

| )
o\ \
0 220 680b

 IS— |

220 1

—_ |

FIG.6D



U.S. Patent Jul. 26, 2016 Sheet 9 of 16 US 9,401,463 B2

692

s ) [

N\

Y o - )
;] — ] CA \
220 110 220 680b
FIG.7A
700
130 114 112 130
\ /
450~ 2 8 S g //780t
‘ N //& N\
NS e
240~ | \ )
\ o ' — \
452 110 630b



U.S. Patent Jul. 26, 2016 Sheet 10 of 16 US 9,401,463 B2

452 — 16

450

FIG.8A
= 114 112
130 \ /2130

L ] g
N Y

w1 )
/




U.S. Patent Jul. 26, 2016 Sheet 11 of 16 US 9,401,463 B2

692
9950h130 114 112 130 ? 60
ZO\&,}/LS/&‘&/‘%O
940~ g - \/ | . 8 8
20 110 / 220  680b
042
FIG.9A
900
130 114 112 130
\ /
50— ? ( S g 680
NN A N
L N W A
20 110 / 220  680b
042



U.S. Patent Jul. 26, 2016 Sheet 12 of 16 US 9,401,463 B2

N O O\ ﬁf’“‘*ﬁm\
_) — — —( ¢ _) —
72 110 942/ 110 95'0' 792
FIG.10A
16 650
790 / S
\ > -
S — N — N N N
_) — — — _) —
110 o 110 94{0' 2
FIG.10B
801 801 801

l l l

860~ [P\ A e— LT\ 7860

— — —

FIG.10C



U.S. Patent Jul. 26, 2016 Sheet 13 of 16 US 9,401,463 B2

o
)y
79&m (— 790
LT\, LT\, LT\,
( — S - )) - .
72 11)0 / § 11)0 o 1
942 940
FIG.11A
) ——
s S SN O\ //// {\/ N\
" S ] ey fg‘ﬁ/
79g ( \ Y ] (
110 490 110 '
04 940
FIG.11B
401 401 401
460 ~_ o D 2N D 2N %”460

FIG.11C



U.S. Patent

Jul. 26, 2016

Sheet 14 of 16

US 9,401,463 B2

FIG.12A
501 501
\ 560 \ 560 l 560
| | |
590 ~¢7# Wz B EH—590

FIG.12B



U.S. Patent Jul. 26, 2016 Sheet 15 of 16 US 9,401,463 B2

1/6' {
\ /

) - - B ) !

110 110 240’

FIG.13A
800 800 800
l 8/60 I 8/60 l 8/60
3 5 ) 450

—_ — —_ — — —+240

FIG.13B



U.S. Patent Jul. 26, 2016 Sheet 16 of 16 US 9,401,463 B2

P1 P1 214

FIG.14



US 9,401,463 B2

1
OPTOELECTRONIC PACKAGE AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND

1. Field of the Invention

The instant disclosure relates to a semiconductor package
and method of manufacturing the same; in particular, to an
optoelectronic package and method of manufacturing the
same.

2. Description of Related Art

Currently image sensors, for example, CMOS image sen-
sor (CIS), have a housing, a chip and a carrier. The housing
defines a receiving space, and the housing and the chip are
disposed on the carrier. The housing covers the entire chip,
and the chip is received by the receiving space. After the
housing and the chip are disposed on the carrier, the receiving
space forms a sealed cavity, and air remains in the cavity.

Specifically, the housing usually includes a frame and a
glass plate. The receiving space is defined by the frame and
the glass plate. After the housing and the chip are disposed on
the carrier, the frame surrounds the chip, and the glass plate is
disposed directly above an active area of the chip. A transpar-
ent plate does not touch the active area, and air remains
between the transparent plate and the active area. As a result,
external light travels through the transparent plate and enters
the active area. The chip can therefore detect the light from
outside.

Conventional housing is attached to the carrier by thermo-
setting glue. In the process of disposing the housing on the
carrier, the housing is temporarily attached to the carrier by
uncured thermosetting glue. Following that, the thermoset-
ting glue is heated to cure. The housing or the carrier has
exhaust holes to allow the air being released, such that the
heated air within the housing does not swell and bursts. In
addition, after the deposition of the housing, the exhaust holes
are sealed by filling glue, so as to prevent moisture or dust
from entering the housing and interfering with the chip opera-
tion.

BRIEF SUMMARY OF THE INVENTION

The instant disclosure provides an optoelectronic package
having a transparent protection layer, and the transparent
protection layer covers and touches an active area of the
optoelectronic package.

The instant disclosure also provides a method of manufac-
turing the optoelectronic package.

According to one embodiment of the instant disclosure, the
optoelectronic package includes an optoelectronic package, a
transparent protection layer and a plurality of pads. The opto-
electronic chip has an upper surface and an active area defined
on the upper surface. The transparent protection layer is con-
nected to the optoelectronic chip and covers the upper sur-
face. The transparent protection layer touches and is entirely
attached to the active area. The pads are electrically con-
nected to the optoelectronic chip.

According to another embodiment of the instant disclo-
sure, a method of manufacturing optoelectronic package is
provided. Firstly, a chip assembly is provided. The chip
assembly includes an optoelectronic chip, a plurality of pads
electrically connected to the optoelectronic chip and a sub-
strate. The optoelectronic chip and the pads are disposed on
the substrate, and the optoelectronic chip has an upper surface
and an active area defined on the upper surface. Subsequently,
atransparent material covers on the chip assembly. The trans-
parent material covers the upper surface and the entire active
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area. Following that, the transparent material is cured, such
that the transparent material is transferred into a transparent
protection layer.

Accordingly, the transparent protection layer covers and
touches the active area of the optoelectronic chip. In this
regard, any gap or cavity does not remain inside the optoelec-
tronic package, and the transparent protection layer seals the
package so as to protect the optoelectronic chip.

In order to further understand the instant disclosure, the
following embodiments are provided along with illustrations
to facilitate the appreciation of the instant disclosure; how-
ever, the appended drawings are merely provided for refer-
ence and illustration, without any intention to be used for
limiting the scope of the instant disclosure.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIGS. 1A to 1D are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a first embodiment of the instant disclosure;

FIGS. 2A to 2C are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a second embodiment of the instant disclosure;

FIGS. 3A to 3B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a third embodiment of the instant disclosure;

FIGS. 4A to 4C are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a fourth embodiment of the instant disclosure;

FIGS. 5A to 5B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a fifth embodiment of the instant disclosure;

FIGS. 6A to 6D are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a sixth embodiment of the instant disclosure;

FIGS. 7A to 7B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a seventh embodiment of the instant disclosure;

FIGS. 8A to 8B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with an eighth embodiment of the instant disclosure;

FIGS. 9A to 9B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a ninth embodiment of the instant disclosure;

FIGS. 10A to 10C are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a tenth embodiment of the instant disclosure;

FIGS. 11A to 11C are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with an eleventh embodiment of the instant disclosure;

FIGS. 12A to 12B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a twelfth embodiment of the instant disclosure;

FIGS. 13A to 13B are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a thirteenth embodiment of the instant disclosure;
and

FIG. 14 is a partially enlarged view at an optoelectronic
chip of an optoelectronic package in accordance with an
embodiment of the instant disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The aforementioned illustrations and following detailed
descriptions are exemplary for the purpose of further explain-
ing the scope of the instant disclosure. Other objectives and
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advantages related to the instant disclosure will be illustrated
in the subsequent descriptions and appended drawings.

FIGS. 1A to 1D are cross-sectional views showing a
method of manufacturing optoelectronic package in accor-
dance with a first embodiment of the instant disclosure.
Please refer to FIG. 1D showing a complete optoelectronic
package 100 of a first embodiment. The structure of the opto-
electronic package 100 is elaborated hereinafter.

The optoelectronic package 100 includes an optoelectronic
chip 110, a transparent protection layer 160 and a plurality of
pads 120. The optoelectronic chip 100 may be ready-packed
chip or un-packed die. The optoelectronic chip 110 may be a
photo-sensing component or a light-emitting component. The
photo-sensing component includes image sensor, for
example, CIS or charge-coupled device (CCD). The light-
emitting component includes, for example, light-emitting
diode (LED).

The optoelectronic chip 110 has an upper surface 112 and
an active area 114 defined on the upper surface 112. The
active area 114 receives light or emits light. When the opto-
electronic chip 110 is a photo-sensing component, the active
area 114 receives light. When the optoelectronic chip 110 is a
light-emitting component, the optoelectronic chip 110 emits
light from the active area 114. In other words, the active area
114 is the light emitting face of the light-emitting component.

The transparent protection layer 160 connects to the opto-
electronic chip 110 and covers the upper surface 112. The
transparent protection layer 160 touches and is entirely
attached to the active area 114. In the instant embodiment, the
transparent protection layer 160 tightly envelops the opto-
electronic chip 110 and is entirely attached to the upper sur-
face 112 and active area 114 tightly. As a result, no gap or
cavity will be formed between the transparent protection
layer 160 and the optoelectronic chip 110. In addition, the
material of the transparent protection layer 160 contains
amide resin.

In the instant embodiment, the transparent protection layer
160 may be colorless and has high light permeability. The
light permeability may fall between 90 to 100%, for example,
99%. However, in another embodiment, light absorbent mate-
rial, for example, dye, may also be mixed in the transparent
protection layer 160, such that the transparent protection
layer 160 can filter different lights. More specifically, the
transparent protection layer 160 can reject some light (for
example, ultra violet light and the other invisible light), and
only the light in a certain range of wavelength (for example,
red or green light) may pass. Therefore, the transparent pro-
tection layer 160 may be transparent and colored, and the
instant disclosure is not limited thereto.

Additionally, in the instant embodiment, the optoelectronic
package 100 includes a light filter layer 180 disposed on the
transparent protection layer 160. The light filter layer 180 can
filter out, for example, infrared light, ultraviolet light or the
other invisible light. More specifically, the light filter layer
180 may have a plurality of filtering materials, for example,
titanium dioxide particles and/or photocatalysis. These filter-
ing materials can absorb infrared light and block the infrared
light from passing the transparent protection layer 160 and
entering the optoelectronic chip 110.

Of course, the filtering materials may vary according to
practical requirement. The light filtering layer 180 may be a
film absorbing ultraviolet light. Alternatively, the optoelec-
tronic package 100 may not include the light filtering layer
180. The light filtering layer 180 shown in Fig. D does not
intend to limit the scope of the instant disclosure.

On the other hand, when the optoelectronic chip 110 is a
light-emitting component, the transparent protection layer
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160 may have fluorescent materials, such that the transparent
protection layer 160 exhibits fluorescent effect. In this regard,
the wavelength of the light emitted by the light-emitting com-
ponent can be changed by the transparent protection layer
160. For example, given the optoelectronic chip 110 is a blue
light-emitting diode. When the transparent protection layer
160 is mixed with yellow fluorescent material, a portion of the
blue light emitted by the optoelectronic chip 110 is converted
to yellow light. As a result, the optoelectronic package 100
emits white light.

The pads 120 are electrically connected to the optoelec-
tronic chip 110. In the instant embodiment, the pads 120 are
wire bonded onto the optoelectronic chip 110. Specifically,
the optoelectronic package 100 includes a plurality of bond-
ing wires 130. The bonding wires 130 connect the optoelec-
tronic chip 110 and the pads 120, such that signals can be
transmitted through the bonding wires 130 between the opto-
electronic chip 110 and the pads 120.

The transparent protection layer 160 touches and envelops
the bonding wires 130 and the pads 120. The transparent
protection layer 160 completely envelops the bonding wires
130 and a portion of the pads 120. In more detail, a bottom 122
of the pads 120 is not covered by the transparent protection
layer 160 and exposed on a bottom face 162 of the transparent
protection layer 160. In this regard, the soldering ball and the
like (not shown) can be attached to the bottoms 122 of the
pads 120. The optoelectronic package 100 is welded on the
circuit board (not shown) through the soldering ball and elec-
trically connected thereto.

It should be noted that in FIG. 1D the pads 120 are wire
bonded to be electrically connected to the optoelectronic chip
110. In another embodiment, the pads 120 and the optoelec-
tronic chip 120 may be electrically connected by flip chip.
That is to say, the optoelectronic chip 120 is electrically
connected to the pads 120 by a plurality of soldering blocks
(for example, soldering balls). The soldering blocks and the
pads 120 are disposed underneath the optoelectronic chip
110. The transparent protection layer 160 covers and touches
the soldering blocks. The bonding wires 130 in FIG. 1D are
for exemplary purpose alone, and the instant disclosure is not
limited thereto.

Next please refer to FIGS. 1A to 1D. A method of manu-
facturing optoelectronic package 100 is described hereinat-
ter.

Please refer to FIG. 1A. In the method of manufacturing the
optoelectronic package 100, firstly, a chip assembly 10 is
provided. The chip assembly 10 includes the optoelectronic
chip 110, the plurality of pads 120 and a substrate 140. The
optoelectronic chip 110 and the pads 120 re disposed on the
substrate 140, and the pads 120 are electrically connected to
the optoelectronic chip 110.

Specifically, the pads 120 are connected to the optoelec-
tronic chip 110 by bonding wires 130. Namely, the electrical
connection between the pads 120 and the optoelectronic chip
110 can be established by wire bonding. However, the pads
120 may also be electrically connected to the optoelectronic
chip 110 by soldering balls. In other words, the pads 120 and
the optoelectronic chip 110 may be electrically connected by
flip chip. In addition, the pads 120 may be formed by depo-
sition, photolithography or etching. The deposition includes
sputtering, electroless plating or electro plating.

The substrate 140 includes different types of substrates. In
the first embodiment, the substrate 140 includes two different
materials. The first type of substrate 140 is a metal plate, and
the pads 120 are formed on the metal plate (i.e., the substrate
140) and touch the metal plate. The metal material of the pads
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120 is different from the metal plate. For example, the pads
120 may be made of cupper, while the metal plate is made of
nickel.

The second type of the substrate 140 has at least two layers.
The second type of the substrate 140 includes a board and a
polymer film (neither is shown). The board can be a hard
plate, for example, a metal sheet, glass plate or ceramic plate,
whereas the polymer film can be polyimide (PI) or polyeth-
ylene terephthalate (PET). The pads 120 is formed on the
polymer film and touch the polymer film. In other words, the
polymer film is sandwiched between the pads 120 and the
board.

Please refer to FIGS. 1B and 1C. Subsequently, a transpar-
ent material 16 covers the chip assembly 10, such that the
upper surface 112 and active area 114 are entirely laminated.
Next, the transparent material 16 is cured, such that the trans-
parent material 16 is converted to the transparent protection
layer 160. As shown in FIG. 1C, the transparent material 16
may be cured by heating up or exposure to the light (e.g.
ultraviolet light). Additionally, the transparent material 16
may contain amide resin, and the transparent material 16 is
commercially available.

The transparent material 16 covers the chip assembly 10,
and the detail process is elaborated hereinafter. Please refer to
FIG. 1B. The transparent material 16 is formed on a transpar-
ent substrate 150. The transparent substrate 150 has a recess
152, and the transparent material 16 is formed in the recess
152. Specifically, the transparent substrate 150 may be made
of glass of plastic, and the recess 152 is formed by chemical
etching or mechanical force. The transparent material 16 may
be in liquid state and running to allow the filling into the
recess 152.

Before the transparent material 16 fills in the recess 152, a
release layer 170 may be formed in the recess 152. The release
layer 170 completely covers the wall and bottom of the recess
152, and the material ofthe release layer 170 may be polymer,
for example, PI or PET. Following that, the transparent mate-
rial 16 fills in the recess 152 and covers the release layer 170.

After the transparent material 16 fills in the recess 152, the
chip assembly 10 is turned over, such that the optoelectronic
chip 110 faces down toward the recess 152. Subsequently, the
chip assembly 10 and the transparent substrate 150 move
toward each other, so as to dip the optoelectronic chip 110 in
the transparent material 16 in the recess 152. Because the
transparent material 160 is in a liquid state, the transparent
material 16 covers the chip assembly 10 and tightly envelops
the optoelectronic chip 110 as well as the bonding wires 130.

Please refer to FIGS. 1B and 1C. After the optoelectronic
chip 110 is dipped in the transparent material 16, the trans-
parent material 16 is heated up or exposed to light (e.g.,
ultraviolet light) for curing. Then, the transparent layer 160 is
formed as solid. Namely, the transparent layer 160 does not
exhibit the property of running. Because the transparent layer
160 is not running, the chip assembly 10 can flip again after
the formation of the transparent layer 160. The optoelectronic
chip 110 and the transparent substrate 150 are then on the
substrate 140 as shown in FIG. 1c.

Please refer to FIGS. 1C and 1D. Afterwards, the substrate
140, transparent substrate 150 and the release layer 170 are
removed. The optoelectronic package 100 is then complete.
The removal of the substrate 140 can be achieved by etching
or peeling because the substrate 140 is a metal plate or a
polymer film along with a plate which touches the pads 120.

More specifically, when the substrate 140 is a metal plate,
the substrate 140 can be removed by etchant because the
substrate 140 and the pads 120 are made of different metallic
materials. When the substrate 140 is a polymer film along
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with a plate, the plate can be peeled from the polymer film,
and the polymer film can be removed by dissolved in organic
solvent.

The bond between the release layer 170 and transparent
protection layer 160 is smaller than that between the release
layer 170 and the transparent substrate 150, such that the
transparent substrate 150 can be peeled off from the release
layer 170. In addition, the release layer 170 can be made of PI
or PET, such that the release layer 170 can be dissolved in
organic solvent. Accordingly, the release layer 170 can be
removed from the transparent substrate 150 by peeling or
dissolving.

Please refer to FIG. 1D. Additionally, after removing the
substrate 150 and the release layer 170, a light filter layer 180
is formed on the transparent protection layer 160. The light
filter layer 180 may be formed by sintering. However, the
light filter layer 180 is an optional component to the optoelec-
tronic package 100, and therefore the instant embodiment
does not go into the detail of the light filter layer 180 forma-
tion.

Because the transparent material 16 tightly envelops the
optoelectronic chip 110 and the bonding wires 130, after the
transparent material 16 is cured to form the transparent pro-
tection layer 160, the transparent protection layer 160 is
entirely and closely attached to the active area 114 of the
optoelectronic chip 110. In between the transparent protec-
tion layer 160 and the optoelectronic chip 110, no gaps or
cavities are formed, and no air is present. Therefore, moisture
or dust is prevented from entering the optoelectronic chip 110
because the transparent protection layer 160 blocks their
entry. Furthermore, the optoelectronic package 100 does not
need to have exhaust holes in the instant embodiment.

FIGS. 2A to 2C are cross-sectional vies showing the
method of manufacturing the optoelectronic package in
accordance with a second embodiment of the instant disclo-
sure. FIG. 2C shows a nearly complete optoelectronic pack-
age 200 of the second embodiment. The structure of the
optoelectronic package 200 is elaborated hereinafter.

Please refer to FIG. 2C. The optoelectronic package 200
includes the optoelectronic chip 110, the plurality of bonding
wires 130, the plurality of pads 220 and the transparent pro-
tection layer 260. The optoelectronic package 200 and the
optoelectronic package 100 have similar structure and func-
tion and use similar material. For example, the pads 220 and
pads 120 are made of the same material and the configuration
is identical. The transparent protection layer 260 and the
transparent protection layer 160 are made of the same mate-
rial, the transparent material 16. (Please refer to FIG. 1B.)
However, the difference between the optoelectronic package
200 and the optoelectronic package 100 lies in the substrates.
The optoelectronic package 200 further includes a transpar-
ent substrate 150 and a substrate 240.

The substrate 240 is a circuit bard and has an outer circuit
242, an assembly surface 244 and an inner circuit (not
shown). The pads 220 and the optoelectronic chip 110 are
disposed on the assembly surface 244. The inner circuit has at
least one blind-via structure or a through-hole structure.
Through the blind-via structure or the through-hole structure,
the inner circuit electrically connects between the outer cir-
cuit 242 and the pads 220, such that the outer circuit 242 and
the pads 220 are electrically connected. Moreover, the outer
circuit 242 includes a plurality of traces (not shown) and a
plurality of pads (not shown). The pads of the outer circuit
242 are used in welding for connecting the mother board or
the like.

In the second embodiment, the bonding wires 130 connect
between the pads 220 and the optoelectronic chip 110.



US 9,401,463 B2

7

Namely, the optoelectronic chip 110 wire bonds to the pads
220 for electrical connection. However, in another embodi-
ment, the optoelectronic chip 110 may be electrically con-
nected to the pads 220 by flip chip. The instant embodiment
does not intend to limit the connection method between the
optoelectronic chip 110 and the pads 220.

Furthermore, because the pads 220 are electrically con-
nected to the substrate 240 and the optoelectronic chip 110 is
electrically connected to the pads 220, signals can be trans-
mitted between the optoelectronic chip 110 and the substrate
240 via the bonding wires 130 and the pads 220. The opto-
electronic chip 110, pads 220, bonding wires 130 and sub-
strate 240 are integrated as a circuit board assembly.

The transparent substrate 150 is formed with the recess
152, and the optoelectronic chip 110 and the pads 220 are
disposed in the recess 152. The transparent protection layer
260 fills in the recess 152 and covers the optoelectronic chip
110 and the pads 220. In addition, the transparent protection
layer 260 connects the optoelectronic chip 110 and covers the
upper surface 112 thereof. In this regard, the transparent
protection layer 260 touches the active area 114 and entirely
attached thereto. There is not a gap or cavity formed between
the transparent protection layer 260 and the optoelectronic
chip 110. Additionally, the transparent protection layer 260
touches and connects the assembly surface 244.

The transparent substrate 150 is disposed on the assembly
surface 244 of the substrate 240. The optoelectronic package
200 further includes a connection layer 280 for connecting
the transparent substrate 150 and the substrate 240. Specifi-
cally, the connection layer 280 may be annular, disposed
outside the recess 152 and connected to the substrate 240 and
the transparent substrate 150. The connection layer 280 may
be made of the identical material as the transparent protection
layer 260. The connection layer 280 and the transparent pro-
tection layer 260 may be both made of the transparent mate-
rial 16.

Attention is now invited to FIGS. 2A to 2C. The method of
manufacturing the optoelectronic package 200 is described
hereinafter.

Please refer to FIG. 2A. Firstly, a chip assembly 20 is
provided. The chip assembly 20 includes the optoelectronic
chip 110, the pads 220 and the substrate 240. The optoelec-
tronic chip 110 and the pads 220 are disposed on the substrate
240, and the pads 220 are electrically connected to the opto-
electronic chip 110. The optoelectronic chip 110 is mounted
onthe substrate 240, such that the chip assembly 20 is a circuit
board assembly.

The pads 220 may be connected to the optoelectronic chip
110 by bond wires 130. Namely the pads 220 and the opto-
electronic chip 110 are connected by wire bonding. However,
the connection therebetween may also be achieved by flip
chip. The formation of the pads 220 is identical to the pads
120 in the first embodiment.

Please refer to FIGS. 2B and 2C. Subsequently, the trans-
parent material 16 covers on the chip assembly 20, such that
the active area 114 is entirely covered as well as the upper
surface 112. Next, the transparent material 16 is cured. After
curing, the transparent material 16 is converted into the trans-
parent protection layer 160 as shown in FIG. 2C. The trans-
parent material 16 can be cured by heating or exposure to light
(e.g. ultraviolet light).

In the second embodiment, the transparent material 16
covers the chip assembly 20 by the following process. Please
refer to FIG. 2B. The transparent material 16 is formed on the
transparent substrate 150. The transparent material 16 is
formed in the recess 152 and a face 154 of the transparent
substrate 150. The recess 152 is also exposed on the face 154.
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Therefore, the transparent material 16 covers the recess 152
and the remaining area (i.e., the face 154), as shown in FIG.
2B.

Next, the chip assembly 20 is turned over, such that the
optoelectronic chip 110 faces downward toward the recess
152. Then the chip assembly 20 and the transparent substrate
150 move toward each other, and the optoelectronic chip 110
dips into the transparent material 16 in the recess 152. There-
fore, the transparent material 16 covers the chip assembly 20
and tightly envelops the optoelectronic chip 110 and the
bonding wires 130.

Please refer to FIGS. 2B and 2C. After the optoelectronic
chip 110 dips into the transparent material 16, the transparent
material 16 is heated up or exposed to the light (e.g. ultraviolet
light). Following that, the transparent material 16 is converted
into the transparent protection layer 260. Then the chip
assembly 20 is flipped again, such that the optoelectronic chip
110 and the transparent substrate 150 are on the substrate 240,
as shown in FIG. 2C. So far, the optoelectronic package 200
is complete. Accordingly, the difference between the method
of manufacturing the optoelectronic package 200 and 100 lies
in the release layer 170 and the substrate 240. In the second
embodiment, the transparent substrate 150 is not removed by
the release layer 170. Also, the substrate 240 where the opto-
electronic chip 110 is disposed is a circuit substrate.

Itis worth mentioning that although in the second embodi-
ment, the transparent substrate 150 and the substrate 240 are
not removed, a person skill in the art should understand the
possible alternative between the first and the second embodi-
ments. More specifically, the substrate 240 in the second
embodiment may be changed as the substrate 140 which does
not have any circuits thereon. The release layer 170 may also
be used to remove the transparent substrate 150. As a result,
the optoelectronic package 200 may be produced without the
substrate 240 or the transparent substrate 150. In short, the
methods of manufacturing the optoelectronic packages 100,
200 are interchangeable.

FIGS. 3A to 3B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with a third embodiment of the instant disclosure.
Please refer to FIGS. 3A and 3B. An optoelectronic package
300 of the third embodiment and the optoelectronic package
200 of the second embodiment have the same function. The
structure and the method of manufacturing the optoelectronic
packages are similar. The difference between the optoelec-
tronic packages 200, 300 is described hereinafter, and the
identical features are not repeated hereinafter.

Please refer to FIG. 3B. The difference between the opto-
electronic packages 200, 300 is: The connection layer 380 of
the optoelectronic package 300 is made of different material
from the transparent protection layer 260. The connection
layer 380 may be made of adhesive, for example, resin. The
resin may contain silyl resin having silicon oxide or thermo-
setting resin.

Please refer to FIG. 3A. The method of manufacturing the
optoelectronic packages 200, 300 are almost identical. Only
that when the transparent material 16 covers the chip assem-
bly 20, the connection layer 380 is formed on the face 154 of
the transparent substrate 150. The connection layer 380 may
be formed by coating the adhesive. Therefore, in the third
embodiment, the transparent material 16 does not touch the
face 154.

Firs. 4A to 4C are cross-sectional vies showing the method
of manufacturing optoelectronic package in accordance with
a fourth embodiment of the instant embodiment. Please refer
to FIG. 4C showing a nearly complete optoelectronic package
400. The optoelectronic package 400 of the fourth embodi-
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ment and the optoelectronic package 200 of the second
embodiment are very similar in structure and method of mak-
ing. Only the difference between the optoelectronic packages
200, 400 is emphasized hereinafter.

In addition to the optoelectronic chip 110, the pads 220, the
substrate 240, the bonding wires 130, the transparent sub-
strate 450 and the transparent protection layer 460, the opto-
electronic package 400 further includes a dam 490. The dam
490 surrounds the optoelectronic chip 110 and touches the
transparent protection layer 460 and the optoelectronic chip
110. In addition, the dam 490 can be made of molding com-
pound.

The transparent substrate 450 and the transparent substrate
150 are made of the same material, galls plate or plastic plate.
The transparent substrate 450 has the face 452, but unlike the
second embodiment, the transparent substrate 450 does not
have any recess 152 exposed on the face 452. Furthermore,
the transparent substrate 450 is disposed on the transparent
protection layer 460 and connects thereto.

The transparent protection layer 460 and the transparent
protection layer 260 are made of the same material. The
transparent protection layer 460 is made of the transparent
material 16. However, the configuration of the protection
layers 460, 260 are different, and the transparent protection
layer 460 only covers the upper surface 112 of the optoelec-
tronic chip 110 not the assembly surface 244 of the substrate
240.

The optoelectronic chip 110, dam 290 and the transparent
protection layer 460 are disposed between the transparent
substrate 450 and the circuit substrate 240. The transparent
protection layer 460 is flanked between the transparent sub-
strate 450 and the dam 490 as well as the optoelectronic chip
110. The transparent protection layer 460 touches a portion of
the bonding wires 130 instead of the entire bonding wires
130. The remaining portion of the bonding wires 130 is cov-
ered by the dam 490.

Attention is now invited to FIGS. 4A to 4C. The method of
manufacturing optoelectronic package 400 is described here-
inafter.

Please refer to FIG. 4A. The transparent material 16 is
formed on the transparent substrate 450 and entirely covers
the face 452. Because the transparent material 16 is in liquid
state, the transparent material 16 can be formed by spreading
or printing. Namely, the transparent material 16 is spread on
a spreading layer of the transparent substrate 450.

Please refer to FIGS. 4A and 4B. Net, the spreading layer
(i.e., the transparent material 16) is prebaked, such that the
transparent material 16' is less running. This phase state is
designated as, for example, B-stage, and the prebaking may
be conducted in a different phase other than the B-stage.

In the process of preheating the transparent material 16, the
transparent material 16 is heated, but the temperature does not
exceed the curing temperature. Therefore, although the trans-
parent material 16 is less running or even immobile, the
transparent material 16' is not the final cured transparent
material 16. The transparent material 16' exhibits consider-
able flexibility. Furthermore, there are different ways to form
the less running transparent material 16', and prebaking is
only one of them. For example, the transparent material 16'
may be formed by exposure to ultraviolet light. Hence, the
formation of transparent material 16' by prebaking is an
example, and the instant disclosure is not limited thereto.

Afterward, the transparent material 16' is pressed onto the
chip assembly 20, such that the active area 114 of the opto-
electronic chip 110 is covered. Because the transparent mate-
rial 16' exhibits considerable flexibility, when the transparent
material 16' is pressed, the bonding wires 130 will not be
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crashed by the transparent material 16'. In contrast, the bond-
ing wires 130 are naturally embedded into the transparent
material 16', as shown in FIG. 4B. After the press of the
transparent material 16', a gap G1 is formed between the
transparent material 16 and the substrate 240.

It is worth nothing that the transparent material 16' may
also be formed on the transparent substrate 450 by attach-
ment. That is to say, the transparent material 16' may be a dry
film which can be attached to the transparent substrate 450.
The process of forming the transparent material 16' is not
limited to spreading and prebaking.

Please refer to FIGS. 4B and 4C. After the transparent
material 16' is pressed onto the chip assembly 20, the trans-
parent material 16' is cured, such that the transparent material
16' is converted into the transparent protection layer 460. The
transparent protection layer 460 is attached to the upper sur-
face 112 of the optoelectronic chip 110. The transparent
material 16' may be heated of exposed to the light (e.g. ultra-
violet light) so as to be cured. Moreover, the transparent
protection layer 460 is harder than the transparent material
16'. Therefore, after the formation of the transparent protec-
tion layer 460, the bonding wires 130 are embedded and
secured within the transparent protection layer 460.

The transparent material 16' in the instant embodiment
exhibits the following property. Before the transparent mate-
rial 16' is cured, the degree of running of the transparent
material 16' varies according to the temperature. This change
is reversible. However, once the transparent material 16' is
cured, it starts the processing to convert into the transparent
protection layer 460. The transparent protection layer 460 is
not running and does not change along with temperature. In
other words, the transparent protection layer 460 will not
become liquid again or softened, and the curing process is
irreversible.

For example, given the curing temperature is 150° C. In the
process of heating yet not curing the transparent material 16'
(i.e., the heating temperature does not exceed 150° C.), when
the transparent material 16' reaches about 70° C., the trans-
parent material 16' is less running. When the transparent
material 16' reaches about 100° C., although the transparent
material 16' is not cured, it is close to not running.

When the transparent material 16' cools down from 100° C.
to 70° C., the transparent material 16' remains its flexibility
which is close to that at 70° C. Accordingly, as long as the
transparent material 16' does not reach the curing tempera-
ture, the degree of flexibility thereof is subject to change.
Namely, when the temperature does not exceed the curing
temperature, the flexibility of the transparent material 16' is
changeable.

In addition, when at 70° C., the transparent material 16'
remains its flexibility. Therefore, when pressing the transpar-
ent material 16' on the chip assembly 20, the transparent
material 16' may be heated under about 70° C. Alternatively,
the transparent material 16' may be heated under a tempera-
ture above 70° C., for example, 100° C., such that the solvent
in the transparent material 16' completely evaporates. Follow-
ing that, the transparent material 16' cools down to about 70°
C.

When the transparent material 16' reaches 70° C., the trans-
parent material 16' is pressed onto the chip assembly 20.
Because the transparent material 16' remains running, the
bonding wires 130 is less likely to be crashed by a solid
transparent material 16'. In contrast, the bonding wires 130
are more likely to be embedded within the transparent mate-
rial 16'.

Subsequently, the molding compound fills into the gap G1
to form the dam 490. The molding compound can be filled by
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liquid injection to the gap G1. So far, the optoelectronic
package 400 is complete. The dam 490 fills the entire gap G1
and therefore touches the transparent protection layer 460 and
the optoelectronic chip 110. In addition, the dam 490 covers
a portion of the bonding wires 130. In this regard, the dam
490, transparent portion layer 460 and the substrate 240
together seal the optoelectronic chip 110 so as to protect the
optoelectronic chip 110 from moisture or dust.

FIGS. 5A to 5B are cross-sectional views showing the
method of manufacturing the optoelectronic package in
accordance with a fifth embodiment of the instant disclosure.
Please refer to FIGS. 5A and 5B. The optoelectronic package
500 of the fifth embodiment and the optoelectronic package
400 of the fourth embodiment have the same function, and the
structure and method of making are similar as well. Only the
difference between the optoelectronic packages 400, 500 is
described hereinafter. The identical features are not repeated.

Please refer to FIG. 5A. The difference between the meth-
ods of making the optoelectronic packages 400, 500 lies in the
transparent material 16". Specifically, the component, physi-
cal and chemical property are the same for both the transpar-
ent material 16', 16". However, the transparent material 16"
partially covers the face 452 of the transparent substrate 450,
unlike FIGS. 4A to 4C. The transparent materials 16, 16"
covers the face 452 entirely. On the other hand, a portion of
the face 452 is not covered by the transparent material 16".

There are many ways to form the transparent material 16".
In the fitth embodiment, the transparent material 16" can be
formed by exposing, development or printing on the face 452.
The transparent material 16" may contain photo sensitizer,
and the printing may be screen printing or ink printing. Also,
the transparent material 16" may be a spreading layer after
prebaking or a dry film going through exposure and develop-
ment.

After the transparent material 16" is formed, the transpar-
ent material 16" is pressed onto the chip assembly 20 to cover
the active area 114 of the optoelectronic chip 110. Because
the physical property of the transparent material 16" is the
same as the transparent material 16', when the transparent
material 16" is pressed, the bonding wires 130 will not be
crashed by the transparent material 16". In contrast, the bond-
ing wires 130 are buried in the transparent material 16"
instead. Furthermore, after the transparent material 16" is
pressed onto the chip assembly 20, a gap G2 is formed
between the transparent substrate 450 and the substrate 240.

Please refer to FIGS. 5A and 5B. Next, the transparent
material 16" is cured, such that the transparent material 16" is
converted into the transparent protection layer 560. The trans-
parent protection layer 560 is attached to the upper surface
112 of' the optoelectronic chip 110. The curing process of the
transparent material 16" and the transparent material 16' is the
same. Meanwhile, the gap G2 surrounds the transparent pro-
tection layer 560 and the optoelectronic chip 110. Subse-
quently, the molding compound fills into the gap G2 to form
the dam 590. The molding compound is inserted by liquid
injection to the gap G2. So far, the optoelectronic package 500
is complete.

In the optoelectronic package 500, the dam 590 occupies
the entire gap (G2, such that the dam 590 surrounds the trans-
parent protection layer 560 and the optoelectronic chip 110.
The dam 590 touches the transparent protection layer 560,
transparent substrate 450 and the optoelectronic chip 110. As
a result, the dam 590, transparent protection layer 560 and
substrate 240 seal the optoelectronic chip 110 and provide
protection thereto against moisture or dust. In addition, the
dam 590 is thicker than the optoelectronic chip 110, and the
optoelectronic 110, dam 590 and the transparent protection
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layer 560 are disposed between the transparent substrate 450
and the circuit substrate 240, as shown in FIG. 5B.

FIGS. 6A to 6D are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with a sixth embodiment of the instant disclosure. The
optoelectronic package 600 of the sixth embodiment and the
optoelectronic package 500 of the fifth embodiment are simi-
lar. The difference lies in: the structure and material of a dam
690 of the sixth embodiment are different from those of the
dam 590 of the fifth embodiment.

Please refer to FIG. 6D, which shows an almost complete
optoelectronic package 600. Like the fifth embodiment, the
optoelectronic package 600 includes the optoelectronic chip
110, pads 220, substrate 240, bonding wires 130, transparent
substrate 450, dam 690 and transparent protection layer 660.
However, unlike the fifth embodiment, the dam 690 of the
optoelectronic package 600 is a silyl plate, and the dam 690
does not touch the optoelectronic chip 110 or cover the bond-
ing wires 130.

Moreover, the optoelectronic package 600 further includes
a first connection layer 680¢ and a second connection layer
6804. The first connection layer 6807 connects between the
transparent substrate 450 and the dam 690, while the second
connection layer 6805 connects between the dam 690 and the
circuit substrate 240. The first and second connection layers
6807, 6805 may be made of the same material, and the mate-
rial may be the same as the connection layer 380 in the third
embodiment. That is to say, the first and second connection
layers 6807, 6805 may be adhesive containing, for example,
silyl resin having silicon oxide or thermosetting resin.

By using the first and second connection layers 680z, 6805,
the dam 690 is attached to the transparent substrate 450 and
the substrate 240. Because the dam 690 is a silyl plate and the
transparent substrate 450 is a glass plate, the similarity in
material minimizes the difference in thermal expansion coef-
ficient. Hence, the dam 690 and the transparent substrate 450
are less likely being structurally damaged by thermal expan-
sion.

In addition, the first and second connection layers 680z,
6805 may be made of silyl resin, the dam 690 is a silyl plate
and the transparent substrate 450 a glass plate. Silicone is
present in the first and second connection layers 680z, 6805,
dam 690 and the transparent substrate 450. Therefore the first
and second connection layers 680z, 6805, dam 690 and the
transparent substrate 450 exhibit great adhesive bonding. In
other words, the first and second connection layers 680z, 6805
are attached to the dam 690, such that the dam 690 can be
secured between the transparent substrate 450 and the sub-
strate 240.

Attention is now invited to FIGS. 6A to 6D. The method of
manufacturing optoelectronic package 600 is elaborated
hereinafter.

Firstly, the dam 690 is disposed on the substrate 240. The
dam 690 resembles a frame having a top face 692, a bottom
face 694 and an opening 690%. The opening 690/ is exposed
on the top face 692, while the optoelectronic chip 110 is
disposed in the opening 690/. Furthermore, according to FIG.
6A, the thickness of the dam 690 is thicker than that of the
optoelectronic chip 110.

Please refer to FIG. 6B. The dam 690 (i.e., the frame) is
made of a silyl plate 69, and it is shaped annularly. Specifi-
cally, the silyl plate 69 may be for example, a silicon wafer,
and the dam 690 is formed by the following process. Firstly,
aplurality of openings 6907 is formed on the silicon substrate
69 by chemical etching or mechanical fabrication. Subse-
quently, the silicon substrate 69 is diced to produce a plurality
of frames having the openings 690/ and so as the dams 690.
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Please refer to FIG. 6 A. Before the dam 690 is disposed on
the substrate 240, the second connection layer 68054 is formed
on the assembly surface 244 of the circuit substrate 240 or the
bottom face 694 of the dam 690. As a result, the dam 690 can
be secured on the assembly surface 244 by the second con-
nection layer 6805. Additionally, when the dam 690 is dis-
posed on the substrate 240, the first connection layer 690z is
formed on the top face 692 of the dam 690, as shown in FIG.
6A.

Please refer to FIG. 6C. Then, the transparent substrate 450
is pressed onto the dam 690 and covers the optoelectronic
chip 110. Meanwhile, the transparent substrate 450 touches
the transparent material 16 and the first connection layer 680z.
Next, the transparent material 16 is cured to form the trans-
parent protection layer 660. The transparent material 16 may
be cured by heating or exposure to light (e.g., ultraviolet
light). After the transparent material 16 is cured, the optoelec-
tronic package 600 is complete.

In the sixth embodiment, the optoelectronic package 600
includes the transparent protection layer 660 which covers the
optoelectronic chip 110. However, even if the optoelectronic
package 600 does not include the transparent protection layer
660 (i.e., a cavity is formed inside the optoelectronic package
600), the transparent substrate 450, dam 690, first connection
layer 6807, second connection layer 6805 and the substrate
240 prevent any moisture or dust from entering the cavity so
as to protect the optoelectronic chip 110.

FIGS. 7A and 7B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance of a seventh embodiment of the instant disclosure.
Please refer to FIGS. 7A and 7B. The functions of the opto-
electronic package 700 of the seventh embodiment and the
optoelectronic package 600 of the sixth embodiment are the
same. Specifically, the methods of manufacturing the opto-
electronic packages 600, 700 are almost the same. However,
in the seventh embodiment, when the transparent material 16
fills in the opening 6904, the liquid transparent material 16
not only tops up the opening 690/ but also overflows to the
periphery ofthe opening 690/. In other words, the transparent
material 16 covers the top face 692 of the dam 690.

Accordingly, when the transparent substrate 450 is pressed
onto the dam 690, the face 452 of the transparent substrate
450 only touches the transparent material. Therefore, after the
transparent material 16 is cured, the transparent material 16 is
converted into the transparent protection layer 600 and the
first connection layer 780¢z. The first connection layer 780¢
connects the transparent substrate 450 and the dam 690. Con-
sequently, the optoelectronic package 700 is complete.

FIGS. 8A and 8B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with an eighth embodiment of the instant disclosure.
Please refer to FIGS. 8A and 8B. The functions of the opto-
electronic package 800 of the eighth embodiment and the
optoelectronic package 400 (please refer to FIG. 4C) of the
forth embodiment are the same. The methods of manufactur-
ing the optoelectronic packages 400, 800 are almost the same.
The difference between the optoelectronic packages 400, 800
are described hereinafter, and the identical features are not
repeated.

The optoelectronic package 800 includes the optoelec-
tronic chip 110, pads 220, substrate 240, bonding wires 130
and transparent substrate 450. Unlike the optoelectronic
package 400 shown in FIG. 4C, the optoelectronic package
800 does not have the dam 490, while the optoelectronic
package 800 further includes a transparent protection layer
860.
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The transparent protection layer 860 has the same material
and is made of the same method as the transparent protection
layer 460. However, in the eighth embodiment, the transpar-
ent protection layer 860 covers and touches the upper surface
112 of the optoelectronic chip 110 and the active area, and
furthermore, the transparent protection layer 860 covers the
side of the optoelectronic chip 110. Therefore, except the
bottom of the optoelectronic chip 110, the transparent pro-
tection layer 860 and the substrate 240 seal the optoelectronic
chip 110 and block out any moisture or dust.

The method of manufacturing the optoelectronic package
800 is shown in FIG. 8A. Firstly, the transparent material 16
is formed on the transparent substrate 450. Similar to the
fourth embodiment, the transparent material 16 covers the
face 452 entirely and may be formed by spluttering or print-
ing. However, comparing FIGS. 4A and 8A, the thickness of
the transparent material 16 in FIG. 8A is much heavier than
that as shown in FIG. 4A.

Then, the transparent material 16 is prebaked to reduce its
running. Like in the fourth embodiment, after the transparent
material 16 is prebaked, it becomes less running or even
immobile like a soft film. Please refer to FIG. 4B for the
transparent material 16' as described in the fourth embodi-
ment.

Subsequently, the transparent material 16 is pressed onto
the chip assembly 20 to cover the active area 114 of the
optoelectronic chip 110. Because the transparent material 16
exhibits well flexibility, when pressing the transparent mate-
rial 16, the optoelectronic chip 110 and the bonding wires 130
are buried therein, as shown in FIG. 8B. The transparent
protection layer 860 completely covers the entire optoelec-
tronic chip 110 and all the bonding wires 130. Alternatively,
the transparent material 16 may be formed by attachment.
Namely, the transparent material 16 is attached to the face 452
as a dry film.

After pressing the transparent material 16 on the chip
assembly 20, it is cured and coverts to transparent protection
layer 860. The transparent material 16 may be cured by heat-
ing or exposure to light (e.g., ultraviolet light), such that the
bonding wires 130 and optoelectronic chip 110 are secured
within the transparent protection layer 860. So far, the opto-
electronic package 800 is complete.

FIGS. 9A and 9B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with a ninth embodiment of the instant disclosure.
Please refer to FIGS. 9A and 9B. The optoelectronic package
900 of the ninth embodiment is similar to the optoelectronic
package 600 of the sixth embodiment. The difference
between the two comes from the substrate 940 of the opto-
electronic package 900. In the ninth embodiment, the sub-
strate 940 has a thru hole 942 allowing access of the liquid
transparent material 16. Also, the methods of making the
optoelectronic packages 600, 900 are slightly different.

Please refer to FIG. 9B, which shows a complete optoelec-
tronic package 900. Like the sixth embodiment, the optoelec-
tronic package 900 includes the optoelectronic chip 110, pads
220, bonding wires 130, transparent substrate 450, first con-
nection layer 6807, second connection layer 6805, dam 990
and transparent protection layer 660. However, unlike the
sixth embodiment, the optoelectronic package 900 further
includes the substrate 940 having a thru hole 942. The thru
hole 942 is formed by machine drilling or laser drilling.

It should be noted that the number of the thru hole 942 may
be one or more. In FIG. 9A or 9B, there is only one thru hole
942, but the instant disclosure is not limited thereto. Also, the
dam 990 may be the dam 590 or 690 in the previous embodi-
ments.
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Please refer to FIG. 9A. In the method of manufacturing the
optoelectronic package 900, firstly, the dam 990 is disposed
on the substrate 940. The dam 990 is attached to the substrate
240 by the second connection layer 6805. The dam 990 has
the opening 990/, while the optoelectronic chip 110 is dis-
posed within the opening 990%. After the deposition of the
dam 990 on the substrate 940, the first connection layer 6807
is formed on the dam 990. In the instant embodiment, the thru
hole 942 is formed before the dam 990 is disposed. However,
in another embodiment, the thru hole 942 may be formed after
the dam 990 is disposed.

Please refer to FIG. 9B. Next, the transparent substrate 450
is pressed onto the dam 990 and covers the optoelectronic
chip 110. The transparent substrate 450 is attached to the dam
990 by the first connection layer 680¢. Then, the transparent
material 16 (not shown in FIG. 9A or 9B) is injected via the
thru hole 942. The transparent material 16 covers the opto-
electronic chip 110 and the bonding wires 130 and tops up the
thru hole 942. Subsequently, the transparent material 16 is
cured to from the transparent protection layer 660 that tops up
the thru hole 942. So far, the optoelectronic package 900 is
complete.

FIGS. 10A to 10C show cross-sectional views of the
method of manufacturing optoelectronic package in accor-
dance with a tenth embodiment of the instant disclosure. The
structure of the optoelectronic package 801 of the tenth
embodiment is the same as the optoelectronic package 800
(please refer to F1G. 8B) of the eighth embodiment. The same
features are not repeated hereinafter. The difference between
the tenth and the eighth embodiment lies in the methods of
manufacturing the optoelectronic packages 801, 800.

Please refer to FIG. 10A. Firstly, the transparent substrate
650 is provided. The plurality of optoelectronic chips 110 and
a spacer 790 are disposed on the substrate 940'. The spacer
790 surrounds the optoelectronic chip 110, and the spacer 790
can be shaped as a ring, for example, circle ring or square
frame. The substrate 940' is a circuit joint board, for example,
wiring panel or strip and can be divided into a plurality of
circuit boards. The substrate 940' has at least one thru hole
942. In the tenth embodiment, the substrate 940' has only one
thru hole 942, while in another embodiment, the substrate
940' may have more than one thru holes 942. In addition, the
shape of the substrate 940' may be round or square and iden-
tical to the dimension of the silicon wafer, and the instant
embodiment is not limited thereto.

The transparent substrate 650 is similar in material and
shape as the transparent substrate 450. The difference
between them arises from the dimension. The transparent
substrate 650 is larger than the transparent substrate 450. In
the following process, the transparent substrate 650 is diced
into the plurality of transparent substrate 450. Additionally,
the area and shape of the transparent substrate 650 is the same
as that of the substrate 940'. The material and method of
making of the spacer 790 are the same as the dam 990.
However, the dimension of the spacer 790 is different from
that of the dam 990, and the spacer 790 surrounds the opto-
electronic chips 110. Furthermore, the spacer 790 may have a
plurality of holes 792, as shown in FIG. 10A. However, in
another embodiment, the spacer 790 may have only one hole
792.

Please refer to FIG. 10B. Next, the transparent substrate
650 is pressed onto the spacer 750 and seals the optoelec-
tronic chip 110. The, the transparent material 16 is injected
via the thru hole 942 and covers the optoelectronic chip 110.
Because the spacer 790 has the holes 792, when filling the
transparent material 16, air between the substrate 940' and the
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transparent substrate 650 can exit from the holes 792 to allow
the entry of the transparent material 16.

Subsequently, the transparent material 16 is cured to form
the transparent protection layer (not shown in FIG. 1B). The
transparent material is cured by heating or exposure to light
(e.g., ultraviolet light). Please refer to FIG. 10C. After the
transparent material 16 is cured, the transparent substrate 650
and the substrate 940" are diced to form the plurality of opto-
electronic packages 801 having the transparent protection
layer 860.

FIGS. 11A to 11C are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with an eleventh embodiment of the instant disclosure.
The optoelectronic package 401 of the eleventh embodiment
is the same as the optoelectronic package 400 of the fourth
embodiment (please refer to FIG. 4C) in structure. The simi-
lar features are not repeated hereinafter. In addition, the
method of making the optoelectronic package 401 of the
eleventh embodiment is similar to the tenth embodiment.
Only the difference is described hereinafter.

Please refer to FIG. 11A. Firstly, the transparent material
16' is formed on the transparent substrate 450, and the plu-
rality of optoelectronic chips 110 and the spacer 790' are
disposed on the substrate 940'. The transparent material 16'
covers the entire face 452. The process of the transparent
material 16' formation has been described previously, and
here it is not repeated to avoid repetition. The spacer 790'
surrounds the optoelectronic chip 110 and has at least one
hole 792". The spacer 790' has a shorter height than the spacer
790 of the tenth embodiment, and the hole 792' is smaller than
the hole 792.

Please refer to FIG. 11B. Next, the transparent substrate
650 is pressed onto the spacer 790" and seals the optoelec-
tronic chip 110. Meanwhile, the transparent material 16'
touches the spacers 790'. Then, the transparent material 16' is
heated or exposed to light (e.g., ultraviolet light), such that the
transparent material 16' is cured to form the transparent pro-
tection layer 460'. A cavity is formed between the transparent
protection layer 460" and the substrate 940', and air remains in
the cavity.

Subsequently, the molding compound is injected via the
thru hole 942', the molding compound and the transparent
protection layer 460" covers the optoelectronic chip 110. Fol-
lowing that, the molding compound is cured to form the dam
490'. Because the spacer 790" has holes 792', when filling the
molding compound, air between the transparent protection
layer 460' and the substrate 940’ can exit from the holes 792"
to allow the entry of the molding compound. Please refer to
FIG. 11C. After the dam 490" is formed, the transparent sub-
strate 650 and the substrate 940" are diced to form the plurality
of'optoelectronic packages 401 having transparent protection
layer 460.

FIGS. 12A and 12B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with a twelfth embodiment of the instant disclosure.
The structure of the optoelectronic package 501 of the twelfth
embodiment is similar to that of the optoelectronic package
500 of the fifth embodiment (please refer to FIG. 5B). The
same features are not repeated, and only the difference is
described hereinafter.

Please refer to FIG. 12A. Firstly, the transparent material
16" is formed on the transparent substrate 650, and the plu-
rality of optoelectronic chips 110 and the spacer 790 are
disposed on the substrate 940'. The transparent material 16"
partially covers the transparent substrate 650. The process of
forming the transparent material 16" has been described in the
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fifth embodiment and is not repeated hereinafter. The spacer
79 surrounds the optoelectronic chips 110 and has one or
more holes 792.

Next, the transparent substrate 650 is pressed onto the
spacer 790 and seals the optoelectronic chips 110. The trans-
parent material 16" touches the optoelectronic chips 110 yet
not the spacer 790. Then, the transparent material 16" is
heated or exposed to light (e.g., ultraviolet light) so as to form
the transparent protection layer (i.e., the cured transparent
material 16"). Meanwhile, a cavity is formed between the two
adjacent optoelectronic chips 110, and air remains in the
cavity.

Subsequently, the molding compound is injected via the
thru hole 942 and fills the cavity. Following that, the molding
compound is cured to form the dam 590'. Because the spacer
790 has holes 792, when filling the molding compound, the
air in the cavity exits from the holes 792 to allow the entry of
the molding compound. Please refer to FIG. 12B. After the
dam 590" is formed, the transparent substrate 650 and the
substrate 940" are diced to form the plurality of optoelectronic
packages 501 having transparent protection layers 560 and
dam 590.

FIGS. 13A and 13B are cross-sectional views showing the
method of manufacturing optoelectronic package in accor-
dance with a thirteenth embodiment of the instant disclosure.
The optoelectronic package 800 of the thirteenth embodiment
is similar to the optoelectronic package 800 of the eighth
embodiment (please refer to FIG. 8B) in structure. The struc-
ture and function of the optoelectronic package 800 are not
repeated. Only the difference between the thirteenth and the
eighth embodiments is described hereinafter.

Please refer to FIG. 13A. Firstly, the transparent material
16' is formed on the transparent substrate 650, and the plu-
rality of optoelectronic chips 110 is disposed on the substrate
240'. The substrate 240" has the optoelectronic chips 110 yet
not the spacer 790 or 790'. The transparent material 16' com-
pletely covers the transparent substrate 650. The thickness of
the transparent material 16' is thicker than that of the trans-
parent material 16 as shown in FIG. 4A. The method of
forming the transparent material 16' has been described in the
fourth embodiment and not repeated hereinafter.

Next, the transparent substrate 650 is pressed onto the
substrate 240' and touches the optoelectronic chips 110.
Because the transparent 16' is thicker, the transparent material
16' completely covers the optoelectronic chips 110 and the
bonding wires 130. Then, the transparent material 16' is
heated or exposed to light (e.g., ultraviolet light), such that the
transparent material 16' is cured to form the transparent pro-
tection layer (i.e., the cured the transparent material 16').
Following that, the transparent substrate 650 and the substrate
240" are diced to form the plurality of optoelectronic packages
800 having transparent protection layer 860 and transparent
substrate 450.

It is worth noting that the optoelectronic packages of the
fourth to the thirteenth embodiments have the substrate 240
(i.e., the circuit substrate) and the transparent substrate 450.
However, a person skilled in the art should appreciate that the
substrate 240 can be replaced by the substrate 140 which does
not have any circuit, and the release layer 170 and the light
filter layer 180 can be used in the fourth to the thirteenth
embodiments.

In other words, the substrate 140 and the release layer 170
of the first embodiment can be used in the optoelectronic
packages 400, 401, 500, 501, 600, 700, 800, 801 and 900 to
replace the substrate 240 and/or the transparent substrate 450.
Alternatively, the optoelectronic packages 400, 401, 500,
501, 600, 700, 800, 801 and 900 may have the light filter layer
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180. Therefore the substrate 140, release layer 170 and light
filter layer 180 can be used in the fourth to the thirteenth
embodiments. The optoelectronic packages 400, 401, 500,
501, 600, 700, 800, 801 and 900 do not intend to limit the
scope of the instant disclosure.

Furthermore, the optoelectronic packages 400, 401, 500,
501, 600, 700, 800, 801 and 900 may be produced by water
level package (WLP). However, it should be noted that other
packaging techniques can also be adapted, for example, chip
size package (CSP).

In conclusion, the optoelectronic package of the instant
disclosure does not form the gap or cavity where air remains
because the transparent protection layer covers the optoelec-
tronic chip. In this regard, the transparent protection layer
seals and protection optoelectronic chip, such that moisture or
dust is blocked.

Moreover, the optoelectronic package does not have holes.
Even though the optoelectronic package does not have holes,
when heated, the optoelectronic package does not swell and
burst because there is no air therein. The yield rate is therefore
highly promoted, and the step of forming the holes is not
required. That is to say, the production cost is reduced.

Please refer to FIG. 14. It is worth mentioning the opto-
electronic chip 210 may be one of the optoelectronic chips
110 in the first to the thirteenth embodiments. The optoelec-
tronic chip 210 is a photo-sensing component. In the process
of manufacturing the optoelectronic packages, particles P1
may be attached to the active area 214 of the optoelectronic
chip 210. The particles P1 may be dust or powder produced in
the manufacturing process. When the particles P1 are
attached to the active area 214, the image quality captured by
the optoelectronic chip 210 is affected.

Thus, after the transparent protection layer (for example,
the transparent protection layer 160, 260, 460, 460', 560, 660
or 860 which is not shown in FIG. 14) is formed and covers
the active area 214, the particles P1 on the active area 214 are
covered and fixed. The logic circuitry of the optoelectronic
chip 110 can be sued to detect the position of the particles P1.
Following that, according to the position of the particles P1,
the image calibration can be performed by algorithm.
Namely, the pixels close to the particles Pa in the active area
214 undergoes color adjustment or compensation to attenuate
the negative effect resulting from the particles P1. The algo-
rithm may be, for example, matrix algebra methodology.

Inthe conventional image sensor, the active area of the chip
is positioned in the cavity with air. The particles (for example,
dust or the powder produced in the manufacturing process)
may fall on the active area and therefore affect the image
capture function of the image sensor. Because the particles
falls on the active area in the cavity with air and are not fixed,
when the image sensor moves or vibrates, the particles move
as well. In other words, the position of the particles is vari-
able.

Thus, when the conventional image sensor is under opera-
tion and undergoes hand shaking, the image sensor screens
the active area constantly to track the position of the particles
and repeats image calibration so as to maintain the image
quality.

Compared to the conventional image sensor, the transpar-
ent protection layer of the instant disclosure covers the par-
ticles P1, such that the particles P1 do not move on the active
area 214 when the optoelectronic package moves, vibrates or
shakes. The transparent protection layer fixes the particles P1,
and therefore the optoelectronic chip 210 screens the active
area 213 once along to ensure the position of the particles P1.
In other words, the optoelectronic chip 210 does not screen
the active area 214 constantly for allocating the particles P1.
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Hence, the transparent protection layer minimizes the nega-
tive effect caused by the particles P1 in image capturing and
reduces the workload and operation time of the optoelec-
tronic chip 210. Overall, the image quality is improved.

The descriptions illustrated supra set forth simply the
embodiments of the instant disclosure; however, the charac-
teristics of the instant disclosure are by no means restricted
thereto. All changes, alternations, or modifications conve-
niently considered by those skilled in the art are deemed to be
encompassed within the scope of the instant disclosure delin-
eated by the following claims.

What is claimed is:

1. An optoelectronic package comprising:

a plurality of optoelectronic chips each having a first sur-
face and an active area defined on the first surfaces;

a transparent protection layer disposed on the plurality of
optoelectronic chips and covering the first surfaces,
wherein the transparent protection layer touches and is
attached to the active areas;

a plurality of pads electrically coupled to the plurality of
optoelectronic chips;

atransparent substrate disposed on and in contact with the
transparent protection layer;

a substrate, wherein the plurality of optoelectronic chips
and the plurality of pads are disposed on the substrate;
and

adam surrounding the plurality of optoelectronic chips and
touching the transparent protection layer, wherein the
plurality of optoelectronic chips, the dam and the trans-
parent protection layer are sandwiched between the
transparent substrate and the substrate.

2. The optoelectronic package according to claim 1,
wherein the substrate is formed with at least one thruhole, and
the transparent protection layer fills the thru hole.

3. The optoelectronic package according to claim 1 further
comprising a spacer, wherein the spacer is disposed on the
substrate and surrounds the plurality of optoelectronic chips.

4. The optoelectronic package according to claim 1,
wherein the transparent protection layer covers the plurality
of optoelectronic chips, the plurality of pads, and the sub-
strate.

5. The optoelectronic package according to claim 1,
wherein the dam surrounds the transparent protection layer,
and the thickness of the dam is greater than the thickness of
each of the optoelectronic chips.

6. The optoelectronic package according to claim 1,
wherein the substrate is formed with at least one thruhole, and
the dam fills the thru hole.

7. The optoelectronic package according to claim 1,
wherein the dam touches the plurality of optoelectronic chips.

8. A method of manufacturing optoelectronic package
comprising:

providing a substrate, wherein a plurality of optoelectronic
chips and a plurality of pads are disposed on the sub-
strate, the plurality of pads electrically coupled to the
plurality of optoelectronic chips and the substrate, and
the plurality of optoelectronic chips each having a first
surface and an active area defined on the first surfaces;

providing a transparent substrate;

forming a transparent material on the transparent substrate;

pressing the transparent substrate onto the substrate such
that the transparent material contacts and covers the first
surfaces and the active areas;
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curing the transparent material to convert the transparent

material into a transparent protection layer;

dicing the transparent substrate and the substrate; and

removing at least one of the substrate and the transparent

substrate.

9. The method of manufacturing optoelectronic package
according to claim 8, wherein pressing the transparent sub-
strate onto the substrate further comprises:

forming a spacer on the substrate, wherein the spacer sur-

rounds the plurality of optoelectronic chips; and
disposing the transparent substrate onto the spacer and
sealing the plurality of optoelectronic chips.

10. The method of manufacturing optoelectronic package
according to claim 8, wherein the substrate is formed with at
least one thru hole, and a molding compound fills in the thru
hole.

11. The method of manufacturing optoelectronic package
according to claim 10 further comprising: curing the molding
compound to form a dam that surrounds the plurality of
optoelectronic chips and touches the transparent protection
layer, wherein the plurality of optoelectronic chips, the dam
and the transparent protection layer are sandwiched between
the transparent substrate and the substrate.

12. The method of manufacturing optoelectronic package
according to claim 11, wherein the dam surrounds the trans-
parent protection layer, and the thickness of the dam is greater
than the thickness of each of the optoelectronic chips.

13. The method of manufacturing optoelectronic package
according to claim 8, wherein the transparent protection layer
covers the plurality of optoelectronic chips, the plurality of
pads, and the substrate.

14. The method of manufacturing optoelectronic package
according to claim 8, wherein the substrate is a circuit board
and electrically connected to the pads and the optoelectronic
chips.

15. A method of manufacturing optoelectronic package
comprising:

providing a substrate formed with at least one thru hole,

wherein a plurality of optoelectronic chips and a plural-
ity of pads are disposed on the substrate, the plurality of
pads electrically is coupled to the plurality of optoelec-
tronic chips and the substrate, and the plurality of opto-
electronic chips has first surfaces and active areas
defined on the surfaces;

disposing a transparent substrate on the substrate;

forming a transparent material via the thru hole so as to

cover the first surfaces and the active areas;

curing the transparent material to convert the transparent

material into a transparent protection layer;

dicing the transparent substrate and the substrate; and

removing at least one of the substrate and the transparent

substrate.

16. The method of manufacturing optoelectronic package
according to claim 15, wherein disposing the transparent
substrate on the substrate further comprises:

forming a spacer on the substrate, wherein the spacer sur-

rounds the plurality of optoelectronic chips; and
disposing the transparent substrate on the spacer and seal-
ing the plurality of optoelectronic chips.

17. The method of manufacturing optoelectronic package
according to claim 15, wherein the substrate is a circuit board
and electrically connected to the pads and the optoelectronic
chips.



